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ABSTRACT 
 
 
 
 
Liquefaction of empty palm fruit bunch (EFB) to lignin was carried out by 
using ionic liquid [BMIM]Cl. Response surface methodology (RSM) was employed 
to identify the optimum condition for lignin yield. The liquefied product (i.e. lignin 
EFB) was reacted with furfural to synthesize resin. The resin was washed, freeze-
dried and carbonized to obtain carbon cryogel beads (CCBs). The CCBs were then 
chemically activated with potassium hydroxide (KOH) to produce activated CCBs 
(A-CCBs). Both CCBs and A-CCBs were characterized for their morphology and 
physical properties using Fourier Transform Infrared Spectroscopy, Scan Electron 
Microscope, X-Ray Diffraction, Breuner, Emmer and Teller (BET) and 
Thermogravimetric Analysis. The performance of A-CCBs towards the removal of 
ethyl orange dye via adsorption process was performed. The adsorption mechanism 
was revealed through adsorption kinetic, isotherm and thermodynamic properties. 
The results indicate that the optimum lignin yield of 26.6% was produced at 
temperature of 150.5oC, time of 151 minutes, ionic liquid to EFB weight ratio of 3:1, 
and sulfuric acid concentration of 4.73 %. The results obtained reveal that chemical 
activation with KOH increased the BET surface area to 58 m2g-1 and 1068 m2g-1 for 
CCBs and A-CCBs, respectively. The experimental data were appropriately 
described by the Langmuir model with correlation coefficient of 0.997. The 
adsorption kinetics followed the pseudo-second order. The negative values of the 
free energy change indicated the adsorption is spontaneous. The positive value of 
enthalpy change (414.36 J/mol) and entropy change (191.97 J/K.mol) confirmed the 
endothermic nature and showed the increment of structural changes at solid-solution 
interface during adsorption process, respectively. It can be concluded that the 
prepared A-CCBs derived from lignin EFB provide reasonable ethyl orange dye 
removal capability by up to 83% removal capacity.  
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ABSTRAK 
 
 
 
 
Pencairan tandan kosong sawit (EFB) kepada lignin telah dijalankan dengan 
menggunakan cecair ionik [BMIM]Cl. Kaedah respon permukaan (RSM) telah 
digunakan untuk menentukan keadaan optimum bagi penghasilan lignin. Produk 
cecair (iaitu lignin EFB) telah bertindak balas dengan furfural untuk mensintesis 
resin. Resin dibasuh, dibeku-kering dan dibakar untuk mendapatkan manik karbon 
kryogel (CCBs). CCBs kemudiannya diaktifkan secara kimia dengan kalium 
hidroksida (KOH) untuk menghasilkan aktif karbon kryogel (A-CCBs). Kedua-dua 
CCBs dan A-CCBs telah dicirikan untuk morfologi dan sifat fizikal menggunakan 
Transformasi Fourier Inframerah Spektroskopi, Mikroskopi Pengimbas Electron, 
Pembelauan sinar-X, Breuner, Emmer dan Teller (BET) dan Analisis 
Termogravimetri. Prestasi A-CCBs terhadap penyingkiran pewarna etil oren melalui 
proses penjerapan telah dilaksanakan. Mekanisma penjerapan telah dinyatakan 
melalui kinetik penjerapan, isoterma dan sifat termodinamik. Keputusan 
menunjukkan bahawa hasil optimum lignin sebanyak 26.6% telah dihasilkan pada 
suhu 150.5oC, masa 151 minit, nisbah berat cecair ionik kepada EFB 3:1, dan 
kepekatan asid sulfurik 4.73%. Keputusan yang diperolehi menunjukkan bahawa 
pengaktifan kimia dengan KOH meningkatkan luas permukaan BET kepada 58 m2g-1 
dan 1068 m2g-1 untuk CCBs dan A-CCBs, masing-masing. Data ujikaji adalah sesuai 
dijelaskan dengan model Langmuir dengan nilai pekali korelasi 0.997. Kinetik 
penjerapan mengikut tertib pseudo-kedua. Nilai negatif perubahan tenaga bebas 
menunjukkan penjerapan adalah spontan. Nilai positif perubahan entalpi (414.36 
J/mol) dan perubahan entropi (19.97 J/K.mol) mengesahkan sifat endotermik dan 
menunjukkan pertambahan perubahan struktur di permukaan larutan pepejal semasa 
proses penjerapan. Kesimpulannya, A-CCBs yang dihasilkan daripada lignin EFB 
berupaya menyingkirkan pewarna etil oren sehingga 83% keupayaan penyingkiran.  
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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1 Research Background 
 
 
Water quality is becoming a significant problem in many areas around the 
world due to non-effective treatment of wastewater discharge from industrial 
factories; food industries, textile, cosmetics, pharmaceutical, paper and etc.  
Wastewater usually consists of synthetic organic compound such as dye, phenol and 
some heavy metals which are highly toxic substance that will harm human health and 
consequently to aquatic life.  Therefore, development of an efficient wastewater 
treatment system is still being sought to ensure natural water resources always under 
control with good quality.  There are three main categories of conventional 
wastewater treatments methods such as biodegradation, physical and chemical 
process available for removal of organic compounds such as dyes in effluent.  
Adsorption has proven to be one of the superior techniques for wastewater treatment 
among various physicochemical treatment due to the capability of efficiency 
adsorbing a broad range of adsorbates and its simplicity of design (Tan et al., 2008; 
Wang et al., 2010).  
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Recently, carbon cryogel beads (CCBs) have been found as a potential 
adsorbent due to the ease of mass transfer.  CCBs is a kind of porous carbon material 
with unique microstructure which have desirable characteristic such as high surface 
area (400-700m2/g), ultrafine particle and large pores size (6-25nm), adjustability 
and high mesopores (1.3-2.5cm3/g) synthesized by sol-gel polymerization 
(Yamamoto et al., 2009).  These novel carbon materials with highly cross-linked and 
transparent gels offering attractive potential applications for preparation of nano-
composite electrocatalyst, as adsorbents for separation process and as support 
material for catalyst industry.  Moreover, the porous structure of carbon cryogel is 
potentially advantageous as an adsorbent for treating wastewater.  Most of the 
published works extensively focus on the synthesis condition by varying the amounts 
of reactant, catalyst and water used in sol-gel process in order to tailoring the texture 
structure of porous carbon (Babic et al., 2004; Chaichanawong et al., 2009; 
Yamamoto et al., 2002).  The properties of carbon gel also can be engineered 
through carbonization and activation condition (Mirzaeian and Hall, 2009).  The 
ability of tailoring the internal structure of this CCB makes them particularly well 
suited for a variety application.   
 
 
However, CCBs are costly when synthesized from conventional combination 
of alcohols such as resorcinol and phenol with formaldehydes.  Besides, the 
production of CCBs involves the usage of phenol and resorcinol which are 
categorized as harmful substances.  Therefore, substitution for phenolic compound 
which is low in cost and yet effective is vigorously been sought.  There have been 
reported on the usage of oil palm empty palm fruit bunch (EPFB) (Ahmadzadeh et 
al., 2009), grapevine cane (VitisviniseraL.) (Alma and Basturk, 2006), and lodgepole 
pine barks (PinuscontortaDougl.) (Zhao et al., 2010) for phenolic substitution in the 
production of phenol-formaldehyde resin which usually used as raw material to 
produce carbon gel.  Liquefaction is one of the promising methods to convert 
lignocellulosic wastes to phenolic compounds.  The liquefaction efficiency of wood, 
its viscosity, and the reactivity of resulting resin were remarkably dependent on some 
parameters such as type of catalyst, temperature and reaction time (Broséus et al., 
2009).   
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Lignin derived from EFB for example, has high potential to be a substitute 
for the expensive petroleum-derived phenolic compounds due to its amorphous 
polymer composed of phenylpropane.  Lignin is highly cross-linking aromatic 
polymer which consist of three major phenylpronanoid monomers which are syringyl 
alcohol, guaiacyl alcohol and p-coumaric alcohol.  It has been reported that the EFB 
fiber contains about 25.2% lignin (Ya’aini et al., 2012).  At present, the EFB is 
burned in boiler and left at the landfill.  However, this practice essentially make the 
EFB become a subject of environmental concern, subsequent consumes unproductive 
cost and energy.  Hence, to overcome these problems, the abundant, inexpensive, and 
renewable resources generated from palm oil industries which is EFB has been 
chosen as the potentially feedstock in this study among other biomass produced in 
Malaysia. 
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1.2 Statement of Problem 
 
 
Agriculture residues such as EFB are one of the enormous amounts of 
biomass generated every day in Malaysia.  Goh et al., (2010) reported that the 
quantity of empty fruit bunch produce in year 2007 was around 18, 022 ktons per 
year.  Lack of efficient method in handling the waste leads to environmental 
pollutions problems.  Some plantation companies disposed this solid biomass by 
burning it in the boiler to produce bunch ash to be distributed back to the landfill as 
fertilizer.  By optimizing the utilization of EFB will rapidly decrease the 
environmental problems.  EFB contains about 54.3% holocellulose (which consist of 
41.0 and 13.3% α-cellulose and hemicelluloses respectively) and 25.2% lignin 
(Ya’aini, et al., 2012).  Therefore, there is huge potential for EFB to be exploited in 
the production of high value-added products, which not only complies with zero-
waste strategy but also generated additional profits for the palm oil industry.  Lignin 
derived from EFB shows a potential features to substitute an expensive petroleum-
derived phenolic compounds as a chemical feed stocks or fuels. 
 
 
Massive usage of phenol will cause environmental pollution problem and 
harmful to human health.  Therefore, substitution for phenolic compound is 
vigorously been sought.  Many researchers had developed various studies involving 
lignin derived from biomass as a phenol substitute in the synthesis of lignin modified 
resins.  Direct use of lignin as a substitute for phenol in phenol–formaldehyde (PF) 
resins is limited because lignin has a lower reactivity due to its complex chemical 
and physical structure.  Reactivity of lignin has been found to vary according to the 
process by which it was extracted (Mansouri and Salvadó, 2006).  Lignin reactivity 
can be improved through phenolation process. Lignin-modified resins, with up to 
35% phenol replacement by lignin, have been widely used in the USA to bond 
fibreboard and plywood.  Work is continuing to find ways to produce adhesive resins 
with 50% or greater replacement of petroleum-derived phenol with bio-mass-derived 
phenolic compounds (Peng and Riedl, 1994).  
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Therefore, in this study, it is aimed to synthesis and characterizes CCBs from 
a renewable source which is empty palm fruit bunch (EPFB).  This work proposes a 
new study on the production of CCB from EFB without addition of phenol which is 
harmful to human health and environment.  The ability of lignin EFB to substitute 
phenolic compounds in phenol-furfural resin and the behaviour of CCB after 
activation process with KOH was investigated.  Next the performances of the 
activated CCBs as a potential adsorbent to remove dye from wastewater through 
adsorption, kinetics and thermodynamic study were employed.  Successive utilizing 
EFB as a renewable resource which leading to sustainable development can help 
palm oil industry complies with zero-waste strategy and generated additional profits 
for the palm oil industry. 
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1.3 Objectives of Study 
 
 
The objectives of this study are: 
 
1 To produce carbon cyrogel beads (CCBs) from empty fruit bunch (EFB). 
2 To perform an optimization study on lignin extraction using response surface 
methodology (RSM). 
3 To produce porous properties of A-CCBs via chemical activation with 
potasium hydroxide (KOH). 
4 To study the performance of synthesized A-CCBs as potential adsorbents for 
removal of ethyl orange dye. 
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1.4 Scope of Study 
 
 
In order to achieve the above objective, this research was extended into more 
specialized scope.  This study approaches liquefaction of EFB with ionic liquid in the 
present of catalyst to produce lignin.  There are four variables which are temperature 
(130-170oC), time (90-180min), catalyst concentration (3-5%) and ratio of IL to EFB 
(2:1-4:1) that were manipulated to get the optimum lignin yield. The relationships of 
four variables were analyzed using STATISTICA Statsoft software to obtain 
optimum condition for lignin yield.  The presence of lignin liquefied product was 
confirmed by UV-Vis and FTIR analysis.  In addition, the performance of 
regenerated ionic liquid on lignin yield was investigated.  
 
 
Formation of CCBs employed sol gel polycondensation of Lignin-EFB with 
furfural, followed by freeze drying and subsequent pyrolyze under inert gas.  The 
synthesis condition of CCBs were fixed and the physical properties of CCBs were 
characterized using SEM, XRD, FTIR, TGA and BET.  The CCBs then were further 
impregnated with KOH to study the effect on porous properties of CCBs after 
chemically activate.  Similar characterizations with CCBs were employed for A-
CCBs to evaluate the modified structure of porous carbon.  
 
 
The performance of modified A-CCBs was tested towards removal of dye 
which is ethyl orange.  The adsorption capacity was determined by employing 
adsorption and kinetic study.  The experimental condition for adsorption test were 
including temperature (30-60oC), time (60-480 minutes), pH (2-10), initial 
concentration of adsobates (10-100mg/L) and weight of carbon adsorbent (20-100 
mg).  The carbon adsorbent (before and after dye adsorption) were analyzed using 
FTIR. 
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Kinetic studies of pseudo first- order and second- order was applied for 
determination of mechanism of adsorption rate of ethyl orange dye adsorptions.  
Meanwhile, adsorption isotherm was determined through Freundlich and Langmuir 
equations.  Finally, the effect of temperature on the adsorption of dye was 
determined based on the adsorption thermodynamic.   
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1.5 Significance of study 
 
 
This research enable CCBs synthesized from EFB to be further developed 
based on the optimum condition in order to reduce the cost of production with high 
quality.  The developed mathematical models can be used for detailed description of 
the interactions between the corresponding variables in production of lignin from 
EFB.  
 
 
Besides that, the production of CCBs normally involves the presence of 
phenol or resorcinol substance.  However, in this study, the usage of phenol in the 
formation of CCBs was avoided by substituting phenol with lignin-EFB (i.e. the 
novelty of this research) completely.  In order to tailoring the texture structure of 
porous CCB, modification with chemical activation was employed.  The 
performance of final product ACCB was tested on the potentiality to remove dye.  
  
 
In this present study, it is expected that by utilizing EFB it will help palm oil 
industry to comply with zero-waste strategy and at the same time could reduce the 
production cost for production of CCBs. Moreover, production of CCBs from EFB 
has not yet been ventured in.  Thus, findings from this study would be beneficial for 
palm oil industry and wastewater treatment industry. 
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